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PHUHO\DYDLODEOH:LWKSURJUHVVRIFRPSXWDWLRQDOSRZHURIFRPSXWHUVRSHQV WKHGRRUV IRUDWWDFNLQJQHZFODVVRI
SUREOHPVDQGZD\VIRUQHZIDQJOHGWHFKQLTXHV7KHVHFRPSOH[RSWLPL]DWLRQSUREOHPVDUHHDVLO\VROYHGE\QDWXUH
LQVSLUHGPHWDKHXULVWLFV6ZDUP ,QWHOOLJHQFH DOJRULWKPV DUH VWLPXODWHGE\ WKH LQWHOOLJHQW FRRSHUDWLYHEHKDYLRURI
VRFLHWDOOLYLQJEHLQJV6RFLDOFUHDWXUHVDSSO\WKLVDELOLW\IRUVHDUFKLQJIRRGIRUVHFXULW\IRUPDWLQJDQGWRKDQGOH
FRPSOH[VLWXDWLRQV6SLGHU0RQNH\2SWLPL]DWLRQ602DOJRULWKPLVQHZHVWSRSXODWLRQEDVHGVWRFKDVWLFDOJRULWKP
SURSRVHGE\-&%DQVDOHWDO>@602LVDPRWLYDWHGE\LQWHOOLJHQWIRRGIRUDJLQJFRQGXFWRIVSLGHUPRQNH\V602
DOJRULWKPLVEDVHGRQILVVLRQIXVLRQVWUXFWXUHRIVRFLDOOLYLQJEHLQJVSLGHUPRQNH\ZKLOHVHDUFKLQJIRUPRVWVXLWDEOH
IRRG VRXUFHV$QDORJRXV WR VHYHUDO RWKHU SRSXODWLRQ EDVHG RSWLPL]DWLRQ WHFKQLTXHV 602 DOJRULWKP FRQVLVW RI D
SRSXODWLRQRI LQWULQVLFVROXWLRQV+HUH LQWULQVLFVROXWLRQVGHQRWH IRRGVRXUFHVRIVSLGHUPRQNH\V7KHILWQHVVRID
VROXWLRQVKRZVWKHH[FHOOHQFHRIDIRRGVRXUFH602DOJRULWKPLVPRGHUDWHO\VWUDLJKWIRUZDUGVSHHG\DVZHOODVD
SRSXODWLRQ EDVHG VHDUFK VWUDWHJ\ LQ DUHD RI 1,$V ZLWK VWRFKDVWLF QDWXUH 602 DOJRULWKP LV DQDORJRXV WR $%&
DOJRULWKPLQFKDUDFWHULVWLFV7KHUHDUHDFRXSOHRIHOHPHQWDU\SURFHVVHVZKLFKGULYHWKHVZDUPWREULQJXSWRGDWHLQ
WKHLU SRVLWLRQ LQ 602 DOJRULWKP WKH H[SORUDWLRQ SURFHVV ZKLFK HQDEOHV H[SORULQJ ZLGH VHDUFK VSDFH DQG WKH
VHOHFWLRQ SURFHGXUH ZKLFKPDNH FHUWDLQ WKH H[SORLWDWLRQ RI WKH EHVW IHDVLEOH VROXWLRQ ,W LV H[SHULHQFHG WKDW WKH
SRVLWLRQ XSGDWH HTXDWLRQ RI 602 DOJRULWKP LV ILQH DW H[SORUDWLRQ DQG H[SORLWDWLRQ EXW VWLOO WKHUH DUH FKDQFHV WR
LPSURYHLWVSHUIRUPDQFHE\LPSURYHPHQWLQDOJRULWKP
6SLGHU0RQNH\2SWLPL]DWLRQ602$OJRULWKP
-&%DQVDOHWDO>@SURSRVHGDQRYHOQDWXUHLQVSLUHGDOJRULWKPPRWLYDWHGE\VRFLDOEHKDYLRURIVSLGHUPRQNH\V
QDPHGDV6SLGHU0RQNH\2SWLPL]DWLRQDOJRULWKP602LVDSRSXODWLRQEDVHGVWRFKDVWLFRSWLPL]DWLRQVWUDWHJ\WKDW
PLPLFILVVLRQIXVLRQVRFLDOVWUXFWXUH))66EDVHGH[WUDRUGLQDU\IRRGIRUDJLQJEHKDYLRURIVSLGHUPRQNH\V0DMRU
FKDUDFWHULVWLFVRI6SLGHUPRQNH\VDUHDVIROORZ>@
x 6XUYLYHLQJURXSVRIPRQNH\V
x 7KHROGHVWIHPDOHLQJURXSJHQHUDOO\EHFRPHVOHDGHUNQRZQDVJOREDOOHDGHURIWKHJURXSDQGUHVSRQVLEOHIRU
HYHU\NLQGRIGHFLVLRQ
x ,QRUGHUWRVHDUFKIRRGWKH\GLYLGHODUJHJURXSLQWRVPDOOVXEJURXSVVL]HWR
x 6XEJURXSVDUHDOVRKHDGHGE\DIHPDOHORFDOOHDGHUZKRZLOOEHUHVSRQVLEOHIRUVFKHGXOLQJDGLVFLSOLQHG
IRUDJLQJLWLQHUDU\DOOGD\
7KHIRRGIRUDJLQJEHKDYLRURIVSLGHUPRQNH\VLQ602DOJRULWKPLVFODVVLILHGLQWRIRXUSDUWV
x $JURXSVWDUWVVHDUFKLQJIRUIRRGDQGFRPSXWHVWKHLUGLVWDQFHIURPWKHIRRGVRXUFHV
x $FFRUGLQJWRWKHGLVWDQFHIURPIRRGVRXUFHVHDFKJURXSPHPEHUVPRGLI\WKHLUSRVLWLRQVDQGDJDLQFRPSXWH
GLVWDQFHIURPWKHIRRGVRXUFHV
x )XUWKHUPRUHDORFDOOHDGHUPRGHUQL]HLWVILQHVWSRVLWLRQZLWKLQWKHJURXSDQGLIWKHSRVLWLRQLVQRWPRGHUQL]HG
IRUDSUHGHFLGHGQXPEHURILWHUDWLRQVWKHQHDFKDQGHYHU\DVVRFLDWHRIWKDWJURXSVWDUWVHDUFKLQJLQGLIIHUHQW
GLUHFWLRQVIRUIRRGVRXUFHV
x $IWHUZDUGLQILQDOSKDVHWKHJOREDOOHDGHUPDLQWDLQVLWVILQHVWORFDWLRQLQLWVSUR[LPLW\DQGLWVXEJURXSVRIVPDOO
VL]HLILWIDFHSUREOHPRIVWDJQDWLRQ
2.1. Major steps of SMO Algorithm 
602DOJRULWKPLVDSRSXODWLRQEDVHGLWHUDWLYHDSSURDFK,WKDVVHYHQNH\VWHSV7KHFRPSOHWHGHSLFWLRQRIHYHU\
SKDVHLVVXPPDUL]HGLQQH[WIHZVXEVHFWLRQV
2.1.1. Population initialization 
$W ILUVW D SRSXODWLRQ RI 1 VSLGHU PRQNH\V LQLWLDOL]HG ,QLWLDO SRSXODWLRQ GHQRWHG E\ DDGLPHQVLRQDO YHFWRU
SMOiZKHUHi = 1, 2,..., N(YHU\VSLGHUPRQNH\602UHSUHVHQWVDIHDVLEOHVROXWLRQIRUWKHFRQVLGHUDWLRQSUREOHP
(YHU\SMOiLVLQLWLDOL]HGXVLQJ(T
PLQ PD[ PLQ ij j j jSMO SMO SMO SMOI  u                           (1) 
+HUH  I  SMOmin jDQGSMOmax jLQGLFDWHORZHUDQGXSSHUERXQGVRISMOiLQjthGLUHFWLRQFRUUHVSRQGLQJO\
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2.1.2. Local Leader Phase (LLP) 
7KHVXEVHTXHQWSKDVHLV/RFDO/HDGHU3KDVH%DVHGRQWKHH[SHULHQFHRIORFDOOHDGHUDQGJURXSPHPEHUV602
PRGHUQL]HLWVSUHVHQWORFDWLRQ,WFRPSDUHVILWQHVVQHZORFDWLRQDQGFXUUHQWORFDWLRQDQGDSSOLHVJUHHG\VHOHFWLRQ
7KHith602WKDWDOVREHORQJVWRkthORFDOJURXSXSGDWHLWVORFDWLRQXVLQJ(T
>@   > @  newij ij kj ij rj ijSMO SMO rand LL SMO rand SMO SMO  u    u   (2) 
:KHUH SMOij GHQRWH ith 602 LQ jth GLPHQVLRQ LLkj FRUUHVSRQG WR WKH kth ORFDO JURXS OHDGHU ORFDWLRQ LQ jth
GLPHQVLRQSMOrjLVWKHrth602ZKLFKLVDUELWUDULO\VHOHFWHGIURPkthJURXSVXFKWKDWr iLQjthGLPHQVLRQ
2.1.3. Global Leader Phase (GLP) 
7KH*OREDO/HDGHUSKDVH*/3VWDUWVMXVWDIWHUILQLVKLQJWKH//3%DVHGRQH[SHULHQFHRI*OREDO/HDGHUDQG
PHPEHUVRIORFDOJURXS602PRGHUQL]HWKHLUSRVLWLRQXVLQJ(T
>@   > @  newij ij j ij rj ijSMO SMO rand GL SMO rand SMO SMO  u    u                             (2) 
:KHUHGLj VWDQGV IRU WKH JOREDO OHDGHU¶V SRVLWLRQ LQ MWK GLPHQVLRQ DQG Mא ^  '` GHQRWHV D UDQGRPO\
VHOHFWHG LQGH[ 7KH SMOi XSGDWHV WKHLU ORFDWLRQV ZLWK WKH KHOS RI SUREDELOLWLHV SL¶V 3UREDELOLW\ RI D SDUWLFXODU
VROXWLRQFDOFXODWHGXVLQJLWVILWQHVV7KHUHDUHQXPEHURIGLIIHUHQWPHWKRGVIRUFRPSXWLQJILWQHVVDQGSUREDELOLW\
KHUHSLFRPSXWHGXVLQJ(T
                                                          (3) 
2.1.4. Global Leader Learning (GLL) phase 
1RZJOREDOOHDGHUPRGLI\LWVORFDWLRQZLWKWKHKHOSRIVRPHJUHHG\DSSURDFKHV+LJKO\ILWWHGVROXWLRQLQFXUUHQW
VZDUPFKRVHQDVJOREDO OHDGHU,WDOVRSHUIRUPDFKHFN WKDW WKHSRVLWLRQRIJOREDO OHDGHU LVPRGHUQL]HRUQRWDQG
PRGLI\*OREDO/LPLW&RXQWDFFRUGLQJO\
2.1.5. Local Leader Learning (LLL) phase 
1RZORFDOOHDGHUPRGLI\LWVORFDWLRQZLWKWKHKHOSRIVRPHJUHHG\DSSURDFKHV+LJKO\ILWWHGVROXWLRQLQFXUUHQW
VZDUPZLWKLQDJURXSFKRVHQDVORFDOOHDGHU,WDOVRSHUIRUPDFKHFNWKDWWKHSRVLWLRQRIORFDOOHDGHULVPRGHUQL]HRU
QRWDQGPRGLI\/RFDO/LPLW&RXQWDFFRUGLQJO\
2.1.6. Local Leader Decision (LLD) phase 
,QWKLVSKDVHGHFLVLRQWDNHQDERXWSRVLWLRQRI/RFDO/HDGHULILWLVQRWPRGHUQL]HGXSWRDWKUHVKROGDND/RFDO
/HDGHU/LPLWLLlimit,QFDVHRIQRFKDQJHLW UDQGRPO\LQLWLDOL]HVSRVLWLRQRI//3RVLWLRQRI//PD\EHGHFLGHG
ZLWKWKHKHOSRI(T
>@   >@  newij ij j ij ij kjSMO SMO rand GL SM rand SM LL  u   u                               (4) 
2.1.7. Global Leader Decision (GLD) phase 
,Q WKLV SKDVH GHFLVLRQ WDNHQ DERXW SRVLWLRQ RI*OREDO /HDGHU LI LW LV QRWPRGHUQL]HG XS WR D WKUHVKROG DND
*OREDO /HDGHU /LPLW GLlimit WKHQ VKH FUHDWHV VXEJURXSV RI VPDOO VL]H1XPEHU RI VXEJURXSV KDV XSSHU ERXQG
QDPHG DV PD[LPXP QXPEHU RI JURXSV 0* 'XULQJ WKLV SKDVH ORFDO OHDGHUV DUH GHFLGHG IRU QHZO\ FUHDWHG
VXEJURXSVXVLQJ///SURFHVV
)LWQHVV%DVHG3RVLWLRQ8SGDWHLQ6SLGHU0RQNH\2SWLPL]DWLRQ$OJRULWKP
([SORUDWLRQDQGH[SORLWDWLRQDUHNH\DWWULEXWHVRIWKHSRSXODWLRQEDVHGRSWLPL]DWLRQWHFKQLTXHVIRULQVWDQFH*$
>@$%&>@362>@%)2>@DQG'(>@,QWKHVHRSWLPL]DWLRQVWUDWHJLHVWKHH[SORUDWLRQUHSUHVHQWVWKHDELOLW\WR
ILQGRXW WKHJOREDORSWLPXPE\ LQYHVWLJDWLQJ WKHYDULHW\RIXQLGHQWLILHGDUHDV LQ WKH VROXWLRQ VHDUFK VSDFH6RPH
UHVHDUFKHUV WLUHG WR PDLQWDLQ EDODQFHV EHWZHHQ WKHVH DFWLYLWLHV E\ DSSO\LQJ GLIIHUHQW PHWKRGV OLNH +-$%& E\
LQFRUSRUDWLQJ +RRNH-HHYHV PHWKRG LQ $%& >@ 0H$%& SURSRVHG D PHPHWLF VHDUFK SKDVH IRU EHWWHU EDODQFH
PD[
 ii
fitnessp
fitness
 u 
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EHWZHHQGLYHUVLILFDWLRQDQGLQWHQVLILFDWLRQ>@50$%&LQWURGXFHWZRQHZSDUDPHWHUVLQ0H$%&DOJRULWKP>@
$QRYHOK\EULGFURVVRYHUEDVHG$%&>@(QKDQFHG$%&>@%DODQFHG$%&>@'\QDPLF6ZDUP$%&>@
/HY\IOLJKW$%&>@,0H$%&>@PRGLILHGSRVLWLRQXSGDWHLQ602>@HQKDQFHGORFDOVHDUFKLQ$%&LQVSLUHG
E\JROGHQVHFWLRQVHDUFK>@PHPHWLFVHDUFKLQ'(>@LPSURYHGRQORRNHUEHHLQ$%&>@'.DUDERJDHWDO
>@-&%DQVDOHWDO>@DQG6.XPDU>@RXWOLQHGVRPHLQWULQVLFSLWIDOOVWKDWQHDUO\HYHU\RQHRIWKHSRSXODWLRQ
EDVHG VWRFKDVWLF DOJRULWKP VXIIHUV ZLWK WKH SUREOHP RI WKH HDUO\ FRQYHUJHQFH RU VWDJQDWLRQ 7R HQKDQFH WKH
H[SORLWDWLRQ FDSDELOLW\ RI 602 DOJRULWKP DQG WR LPSURYH UDWH RI FRQYHUJHQFH RI 602 DOJRULWKP WKLV SDSHU
LQWURGXFHGDILWQHVVEDVHGORFDWLRQXSGDWHVWUDWHJ\LQ602DOJRULWKP7KHSURSRVHGILWQHVVEDVHGSRVLWLRQXSGDWH
PHFKDQLVPLVLQWURGXFHGLQWKHEDVLF602DOJRULWKPDQGVKRZQLQ$OJRULWKP
$OJRULWKP)LWQHVV%DVHG3RVLWLRQ8SGDWHLQ6SLGHU0RQNH\2SWLPL]DWLRQ602$OJRULWKP
,QLWLDOL]HDOOSDUDPHWHUV3RSXODWLRQ//OLPLW*/OLPLWDQG3HUWXUEDWLRQUDWHSU
&DOFXODWHILWQHVV7KHGLVWDQFHRIHYHU\HQWLW\IURPDQDORJRXVIRRGVRXUFHV
&KRRVHOHDGHUVJOREDODQGORFDOERWKE\XVLQJVRPHJUHHG\VWUDWHJ\
5HSHDWWLOOWKHH[WHUPLQDWLRQFULWHULRQLVQRWIXOILOOHG
*HQHUDWH WKH QHZ ORFDWLRQV IRU WKH HQWLUH JURXSPHPEHUV E\ XVLQJ H[SHULHQFH RI VHOI ORFDO OHDGHU DQGPHPEHU¶V RI JURXS WR ILQG IRRG
VRXUFHV
 
$SSO\WKHJUHHG\VHOHFWLRQPHFKDQLVPEHWZHHQH[LVWLQJSRVLWLRQDQGQHZO\FRPSXWHGSRVLWLRQ
&RPSXWHWKHSUREDELOLW\SLSLGHQRWHSUREDELOLW\RILWKVROXWLRQIRUHYHU\JURXSPHPEHU
  
 (QJHQGHUQHZSRVLWLRQVIRUWKHHYHU\PHPEHURIJURXS
  
0RGHUQL]HORFDODQGJOREDOOHDGHU¶VSRVLWLRQE\ DSSO\LQJWKHJUHHG\VHOHFWLRQPHFKDQLVPLQHDFKJURXS
,ISRVLWLRQRID/RFDOOHDGHULVQRWXSGDWLQJDIWHU///LPLWWKHQDSSO\IROORZLQJVWHSV
LI8!SU
          
HOVH
  
,ISRVLWLRQRI*OREDO/HDGHULVQRWXSGDWLQJDIWHU*//LPLWWKHQDSSO\IROORZLQJVWHSV
  LI*OREDO/LPLW&RXQW!*//LPLW
   WKHQVHW*OREDO/LPLW&RXQW 
   LI1XPEHURIJURXSV0*
    WKHQ'LYLGHWKHSRSXODWLRQLQWRJURXSV
   HOVH
    &RDOHVFHDOOWKHJURXSVLQWRDRQHODUJHJURXS
0RGHUQL]HSRVLWLRQRI/RFDO/HDGHU
,QWKHSURSRVHGVWUDWHJ\WKHSHUWXUEDWLRQLQWKHVROXWLRQGHSHQGVRQWKHILWQHVVRIWKHVROXWLRQ,W LVFOHDUIURP
$OJRULWKP WKDW WKH QXPEHU RI XSGDWH LQ WKH GLPHQVLRQV RI WKH ith VROXWLRQ LV GHSHQGLQJRQ SUREDELOLW\ pi DQG
ZKLFKLVDIXQFWLRQRIILWQHVV7KHVWUDWHJ\LVEDVHGRQWKHFRQFHSWLRQZLWKWKHSXUSRVHRIWKHSHUWXUEDWLRQZLOOEH
KLJKIRUORZILWVROXWLRQVDVIRUWKDWWKHYDOXHRIpiZLOOEHORZZKLOHWKHSHUWXUEDWLRQLQKLJKILWVROXWLRQVZLOOEHORZ
GXHWRKLJKYDOXHRIpi,W LVDVVXPHGWKDWWKHJOREDORSWLPDVKRXOGEHQHDUDERXWWRWKHEHWWHUILWVROXWLRQVDQGLI
SHUWXUEDWLRQRIEHWWHUVROXWLRQVZLOOEHKLJKWKHQWKHUHPD\EHFKDQFHRIVNLSSLQJWUXHVROXWLRQVGXHWR ODUJHVWHS
VL]H7KHUHIRUHWKHVWHSVL]HVZKLFKDUHSURSRUWLRQDOO\UHODWHGWRWKHSHUWXUEDWLRQVLQWKHVROXWLRQVDUHOHVVIRUJRRG
VROXWLRQV DQG DUH KLJK IRU ZRUVW VROXWLRQV ZKLFK DUH UHVSRQVLEOH IRU WKH H[SORUDWLRQ 7KHUHIRUH LQ WKH SURSRVHG
VWUDWHJ\WKHEHWWHUVROXWLRQVH[SORLWWKHVHDUFKVSDFHZKLOHORZILWVROXWLRQVH[SORUHWKHVHDUFKDUHD
+HUHpiLVDIXQFWLRQRIILWQHVVDQGFDOFXODWHGDVVKRZQLQ(T7KHSURSRVHG)3602DOJRULWKPUHSODFHV(T
DQGRIRULJLQDO602DOJRULWKPE\HTXDWLRQVVKRZQLQVWHSVWHSDQGVWHSUHVSHFWLYHO\DVGHVFULEHG
LQDOJRULWKP,Q$OJRULWKPLWLVFOHDUWKDWIRUDVROXWLRQLIYDOXHRIpiLVKLJKDQGWKDWLVWKHFDVHRIKLJKILWQHVV
VROXWLRQWKHQIRUWKDWVROXWLRQWKHVWHSVL]HZLOOEHVPDOO7KHUHIRUHLWLVREYLRXVWKDWWKHUHLVPRUHFKDQFHIRUWKH
KLJKILWQHVVVROXWLRQWRPRYHLQ LWVQHLJKERUKRRGFRPSDUHWR WKHORZILWQHVVVROXWLRQDQGKHQFHDEHWWHUVROXWLRQ
     n e w ij ij i k j i j i r j i j
i
S M S M p L L S M p S M S M
H e re p is p ro b a b il i ty
  u    u 
PD[
 ii
fitness
p
fitness
 u 
     n e w i j i j i j i j i r j i j
i
S M S M p G L S M p S M S M
W h e r e p i s p r o b a b i l i t y
  u    u 
PLQ PD[ PLQ  newij j j jSM SM SM SM WhereI I  u  
     newij ij i j ij i ij kj
i
SM SM p GL SM p SM LL
Where p is probability
  u    u 
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FRXOGH[SORLWWKHVHDUFKDUHDLQLWVYLFLQLW\,QRWKHUZRUGVZHFDQVD\WKDWVROXWLRQVH[SORLWRUH[SORUHWKHVHDUFK
DUHDEDVHGRQSUREDELOLW\ZKLFKLVIXQFWLRQRIILWQHVV+HQFHZLWKKHOSRIPRGLILHGVWHSVL]HLWLVDEOHWRPDLQWDLQ
EDODQFHEHWZHHQGLYHUVLILFDWLRQDQGLQWHQVLILFDWLRQRIVHDUFKVSDFHDQGHVFDSHWKHVLWXDWLRQRIVWDJQDWLRQDQGHDUO\
FRQYHUJHQFH ([SHULPHQWDO UHVXOWV VKRZ WKDW )3602 SURYHV LW VXSHULRULW\ WR VROYH FRQVLGHUHG SUREOHP LQ OHVV
HIIRUWVDQGZLWKOHVVQXPEHURIIXQFWLRQHYDOXDWLRQV
([SHULPHQWDO5HVXOWVDQG'LVFXVVLRQ
4.1. Test Problems 
3HUIRUPDQFHRI)3602DOJRULWKPLVH[SHULHQFHGRYHUWZHQW\WKUHHUHQRZQHGEHQFKPDUNRSWLPL]DWLRQIXQFWLRQV
f1 WR f19 2XWOLQHG LQ 7DEOH , ZLWK WKHLU VHDUFK UDQJH GLPHQVLRQDOLW\ DQG DFFHSWDEOH HUURU DQG RQH UHDO ZRUOG
SUREOHPQDPHGSUHVVXUHYHVVHOGHVLJQSUREOHP7KHFRQVLGHUHGSUREOHPVDUHRIGLYHUVHQDWXUH7HVWIXQFWLRQVDUH
WDNHQIURP>@>@ZLWKWKHOLQNHGGLPHQVLRQDOLW\DQGRIIVHWYDOXHV
7DEOH7HVW)XQFWLRQV
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 E
6KLIWHG6SKHUH      >   @ >   @    

f x z f z x o x x x x o o o o
D
bias D Dii
      
 ¦  >@ f(o)=fbias=-450  (
447 Sandeep Kumar et al. /  Procedia Computer Science  62 ( 2015 )  442 – 449 
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4.1.1. Pressure Vessel Design (f20) 
,WLVDSUREOHPRIPLQLPL]LQJRYHUDOOFRVWRIWKHPDWHULDOIRUPLQJDQGZHOGLQJRIDF\OLQGULFDOYHVVHO>@,Q
FDVHRISUHVVXUHYHVVHOGHVLJQLQJHQHUDOIRXUGHVLJQYDULDEOHVDUHFRQVLGHUHGWKLFNQHVVRIVKHOO[ WKLFNQHVVRI
VSKHULFDOKHDG[UDGLXVRIF\OLQGULFDOVKHOO[DQGOHQJWKRIVKHOO[7KHEHVWHYHULGHQWLILHGJOREDORSWLPXP
VROXWLRQLVf(1.125, 0.625, 55.8592, 57.7315) = 7197.729>@7KHWROHUDEOHHUURUIRUFRQVLGHUHGSUREOHPLV1.0E-
056LPSOHPDWKHPDWLFDOUHSUHVHQWDWLRQRIWKLVSUREOHPLVDVIROORZ
             f x x x x x x x x x    6XEMHFWWR      

      

        g x x x g x x x g x x x xS         
7KHVHDUFKERXQGDULHVIRUWKHYDULDEOHVDUH
1.125  x1 12.5, 0.625  x2  12.5, 1.0*10-8   x3  240 DQG 1.0*10-8    x4   240
4.2. Experimental setting for FPSMO Algorithm 
7KH SURSRVHG)3602 DOJRULWKP FRPSDUHGZLWK EDVLF 602 WHFKQLTXH LQ RUGHU WR SURYH LWV FRPSHWHQFH ,W LV
SURJUDPPHGLQ&SURJUDPPLQJODQJXDJHDQGEHORZPHQWLRQHGH[SHULPHQWDOVHWWLQJFRQVLGHUHG>@
x 7KHVL]HRIVZDUP1 1XPEHURI6SLGHU0RQNH\VDWWKHWLPHRILQLWLDOL]DWLRQ
x 0* 0D[LPXPJURXSOLPLWLQJPD[LPXPQXPEHURIVSLGHUPRQNH\VLQDJURXSDV0* 1
x *OREDO/HDGHU/LPLW*/OLPLW /RFDO/HDGHU/LPLW//OLPLW 
x SUא>@OLQHDUO\JURZLQJRYHULWHUDWLRQV
5HPDLQLQJDOOSDUDPHWHUVLVVLPLODUWREDVLF602DOJRULWKP>@
4.3. Comparison of Experimental Results  
([SHULPHQWDO UHVXOWVRI)3602ZLWKDERYHPHQWLRQHGVHWWLQJDUHGLVFXVVHG LQ WDEOH ,,5HVXOWV LQ WDEOH ,, DUH
FRPSDUHGRQWKHEDVLVRIPHDQIXQFWLRQYDOXH0)9VWDQGDUGGHYLDWLRQ6'PHDQHUURU0(DYHUDJHIXQFWLRQ
HYDOXDWLRQV$)(DQGVXFFHVV UDWH65 ,W LVSURYHGIURP WDEOH ,, WKDWXVXDOO\QHZO\SURSRVHG)3602SHUIRUP
EHWWHU WKDQ EDVLF 602 DOJRULWKPV DV LW WDNHV OHVV QXPEHU RI IXQFWLRQ HYDOXDWLRQV 7KH QHZO\ LQWURGXFHG ILWQHVV
EDVHGSRVLWLRQXSGDWLQJLQORFDOOHDGHUSKDVHJOREDOOHDGHUSKDVHDQGORFDOOHDGHUGHFLVLRQSKDVHLPSURYH602¶V
UDWHRIFRQYHUJHQFHDQGFRPSHWHQFH
)XUWKHUDFRPSDULVRQPDGHRQWKHEDVLVRIUDWHRIFRQYHUJHQFH,I$)(VDUHOHVVLWPHDQVDOJRULWKPKDVKLJKHU
UDWHRIFRQYHUJHQFH'XHWRVWRFKDVWLFQDWXUHRI602WKH$)(VIRUDOO WHVWSUREOHPVDUHDYHUDJHGRYHUUXQV
$FFHOHUDWLRQ5DWH$5FRPSXWHGLQRUGHUWRHQVXUHUDWHRIFRQYHUJHQFHXVLQJEHORZPHQWLRQHGIRUPXOD
$5 $)(602$)()3602
,IAR > 1PHDQV)3602FRQYHUJHVIDVWHU7DEOH,,,VKRZVFRPSDULVRQEHWZHHQ)3602±602,WLVFOHDUIURP
7DEOH,,,WKDWIRUQHDUO\DOORIWKHWHVWSUREOHPVFRQYHUJHQFHVSHHGRI)3602LVEHWWHUDPRQJVWDOOWKHFRQVLGHUHG
VWUDWHJLHV
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